Introduction
Efforts to improve the preservation of bull semen are focused on the modification of extenders [1] , as well as on the implementation of various bio-active ingredients to maintain the activity and fertilizing capacity, and preserve the spermatozoa membrane integrity [2] .
Epidermal growth factor (EGF), a polypeptide cytokine comprising 53 amino acid residues, was originally isolated and purified from the submandibular glands [3] . In males, EGF is produced by the Leydig (the principal source) and germ cells in the testes on attainment of the maturity, and may modulate spermatogenesis as an autocrine and/or paracrine factor [4] .
Few data are available addressing the effect of EGF in vitro on semen characteristics. The published data showed that EGF effects on the functions of ejaculated spermatozoa are dependent on EGF concentration and animal species. Lax et al. [5] verified the effect of EGF in inducing the occurrence of the acrosomal reaction in bovine spermatozoa in a dose-dependent manner. Špalekovà et al. [6] noted Objective: To assess the effects of epidermal growth factor (EGF) on the Egyptian buffalo bull frozen semen, EGF was incorporated at 0 (control), 50, 100, 200 and 400 ng/mL of extender (Bioxcell®). Methods: Semen features, spermatozoa biometry, total liberated amounts of enzymes (aspartate transaminase, alanine aminotransferase, lactate dehydrogenase, acid phosphatase and alkaline phosphatase) and lipid peroxidation markers (thiobarbituric acid reactive substances, malondialdehyde, glutathione peroxidase, nitric oxide, catalase (CAT) and superoxide dismutase (SOD)) were determined in the spermatozoa-free extracellular extender. Results: Spermatozoa membrane integrity significantly (P<0.05) increased, but DNA integrity decreased with EGF 200 ng/mL. Spermatozoa head (dimensions, area and perimeter), but not shape, as well as acrosome and midpiece measures substantially differed with regard to EGF. Principle piece length and volume markedly decreased (at 100 and 200 ng/mL), while total tail/flagellum length increased (at 50 ng/mL) after EGF supplementation. EGF 50 ng/mL was associated with the decline of nitric oxide levels and catalase enzyme activity, but EGF 100 ng/mL significantly decreased the total liberated amounts of enzymes (aspartate transaminase, lactate dehydrogenase, acid phosphatase and alkaline phosphatase) as well as lipid peroxidation markers (thiobarbituric acid reactive substances and malondialdehyde). Conclusions: EGF in vitro supplementation would affect the semen characteristics of buffalo bull with 100 ng/mL counteracted the freezing mediated oxidative stress indicated with the lowest enzymes leakage and lipid peroxidation.
that the effect of EGF on ram spermatozoa motility parameters was relied on its level and exposure time. In boar, EGF at 10 and 100 ng/ mL significantly improved the parameters of spermatozoa movement without affecting acrosome status, membrane integrity or motility either in intact or acrosome reaction-induced spermatozoa [7] .
Cryopreservation encourages widespread biophysical and biochemical alterations in the membrane of spermatozoa due to its contents of various unsaturated fatty acids that ultimately decrease the fertility potential of the cells [8] . Cooling and thawing of spermatozoa resulted in the generation of superoxide radicals and nitric oxide [9] . In goats, Chauhan et al. [10] found a positive correlation between the leakage of spermatozoa enzymes (glutamic oxaloacetic transaminase, glutamate pyruvate transaminase, hyaluronoglucosaminidase, and acid and alkaline phosphatases) and acrosomal damage during dilution, cooling and freezing.
To the authors' knowledge, there are no previous studies entailed the impact of EGF on bull spermatozoa in vitro. Therefore, the current study aimed to assess the alternation in Egyptian buffalo bull frozen semen activity, spermatozoa biometry, DNA integrity, spermatozoa enzymes leakage and lipid peroxidation. was slowly cooled (within 1.0-1.5 h) to 5 ℃, packed into 0.5 mL polyvinyl straws (Minitub, Germany) and equilibrated for (3-5) h.
Material and methods
Freezing was accomplished at ~ 4 cm above the liquid nitrogen level for 10 min.
At 24 h post-storage in N 2 , Straws (n=4/trial/treatment) were evaluated hourly post-thawing in a water bath at ~37 ℃ for 30 s. The viability index was calculated according to Milovanov[11] to be equal to half of the post-thaw motility in addition to the summation of recorded motility at 1h, 2h and 3 h post-thawing.
Spermatozoa plasma membrane integrity was determined by HOS assay (HOS solution consisted of sodium citrate 0.735 g and fructose 1.351 g, dissolved in 100 mL distilled water) at 37 ℃ for 60 min and the percentage of swollen and/or curled spermatozoa were recorded as HOS positive [12] . Spermatozoa morphology was assessed by
Eosin-Nigrosin stain according to Andrabi et al. [13] .
Evaluation of sperm DNA integrity by acridine orange stain
Frozen semen was washed with 5 mL of phosphate buffered saline, 
Spermatozoa biometry assessment
Spermatozoa images were randomly selected and photographed from Eosin-Nigrosin stained slides with the use of a Euromax microscope (Holland). Image J software (National Institutes of Health, USA) was used for the assessment of spermatozoa biometry parameters. The software was standardized against a decimal scale.
Fifty normal spermatozoa were captured and evaluated per slide (n=4 slides/treatment/trial). The units for measurement variables were micrometers (µm) and the ratios were without units. Spermatozoa morphology was quantified in terms of the following morphological features.
Head measures
The length (L), width (W), base width (B), acrosomal cap length and width were measured. The head area (µm 2 ), Perimeter (P),
Ellipticity (e), Elongation (El), Head shape (HS), Shape factor-1 (Rugosity), Shape factor-2, Shape factor-3 (Regularity) were calculated according to Van Duijn [15] as follows:
Tail measures
The midpiece width [proximal and distal (µm)] and length (µm), principal piece length (µm), terminal piece length (µm), and flagellum length (µm) were assessed. The midpiece, principal piece and total flagellum volumes (µm 3 ) were calculated according to RosSantaella et al. [16] .
Midpiece volume (µm
Where L is the length of the midpiece. R is the half proximal midpiece width. r is the half distal midpiece width.
Principal piece volume (µm
Where R is the half midpiece width (i.e. Proximal or distal) and L is the length of the flagellum of the principle piece
Total flagellum volume (µm
Where R is the half midpiece width (i.e. Proximal or distal) and L is the length of the flagellum of the principle plus terminal piece
Extracellular enzymatic activity measurement
Frozen thawed semen samples were centrifuged at 1 000×g for 20 min. The supernatant fluid was collected and kept at -20 ℃ until analysis. The activity of AST and ALT enzymes was determined with QCA kits (Amposta, Spain). The activity of ACP, ALP and LDH enzymes was assayed with Stanbio kits (Texas, USA) spectrophotometrically.
Semen lipid peroxidation measurement
Thiobarbituric acid reactive substances (TBARS) were estimated with TBARS Assay kit (Cayman Chemical Co., Ann Arbor, MI, USA) according to Armstrong et al. [17] . Malondialdehyde (MDA) production was measured according to Placer et al. [18] . Glutathione peroxidase (GPX) activity was determined by GPX commercial kit (Cayman Chemical Co., Ann Arbor, MI, USA) according to Paglia et al. [19] . Superoxide dismutase (SOD) activity was determined by SOD Assay kit (Cayman Chemical Co., Ann Arbor, MI, USA) according to Marklund et al. [20] . The Catalase (CAT) activity was measured according to the method of Goth [21] . Briefly, 0.3 mL of frozen-thawed semen was incubated in 1.7 mL of substrate (65 µM hydrogen peroxide in 50 mM PBS, pH 7.0) at 37.5 ℃ for 60 s. The enzymatic reaction was terminated with 1.0 mL of 32.4 mM ammonium molybdate. The hydrogen peroxide was measured spectrophotometerically at 405 nm against control. The value of CAT activity was expressed as units (U) per milliliter (mL).
Nitric oxide (NO) concentration was assessed by monitoring the concentration of stable oxidation products of NO metabolites (NO 2 -/NO 3 -). Nitrite was determined using the Griess reaction by adding 1% sulfanilamide and 0.1% naphthylethylenediamine dihydrochloride in 2% phosphoric and incubation at 37 ℃ in the dark acid for 10 min. The absorbance was recorded at 540 nm with a spectrophotometer. Nitrate was detected after reduction to nitrite using nitrate reductase as described elsewhere [22] .
Statistical analysis
The data were analyzed and presented as mean ± SE with oneway analysis of variance (ANOVA) using SPSS (Ver. 16). Multiple comparisons of the means were done with Dunnett's test. P value was set at <0.05 to define statistical significance.
Results

Semen characteristics and spermatozoa biometry
Plasma membrane (P<0.05) and DNA (P=0.07) integrity of frozenthawed spermatozoa clearly differed in association with EGF supplementation. There was a decrease in membrane integrity with 50 ng/mL, and DNA integrity with 50 and 200 ng/mL of EGF in respect to control. Other semen features (spermatozoa post-thawing motility, normality and viability index) differed numerically with the addition of EGF ( Table 1) .
Investigation of spermatozoa head biometry revealed considerable differences with EGF, with special emphasis to head length (P<0.001) and width (P<0.05), area (P<0.001) and perimeter (P<0.001) as well as acrosomal length (P<0.001) and width (P<0.005) as demonstrated in Table 2 . The highest measures were recorded with EGF 50 ng/mL. In the meantime, EGF 100 ng/mL was associated with the lowest above mentioned measures.
Spermatozoa tail biometry showed substantial differences with EGF-exposure level, with special concern to the mid-piece (proximal end width, length and volume), the principal piece (length and volume) and consequently the total tail length and volume (Table 3 ). There was a marked (P<0.001) decrease in midpiece proximal end width at high levels of EGF (100-400 ng/mL), and principle piece length and volume at EGF 100 and 200 ng/mL. Nevertheless, midpiece length was significantly (P<0.001) longer at EGF 50-400 levels, and the total tail/flagellum length was the longest (P<0.005) at EGF 50 ng/mL.
Biochemical assay 3.2.1. Extracellular enzymatic activity
An assessment of extracellular enzymatic activity in extended semen revealed substantial differences after inclusion of EGF in buffalo semen extender (Table 4) . A noticeable decrease in the extracellular leaked AST (P<0.01), ALP (P<0.05), ACP (P<0.05) and LDH (P<0.01) had been found with inclusions of EGF at 100 ng/mL level.
Lipid peroxidation
An assessment of lipid peroxidation indicators revealed clear differences in response to the enclosure of EGF in buffalo semen extender (Table 4) . A significant (P<0.01) decrease in TBARS and MDA at 100 ng/mL, CAT and NO at 50 and 200 ng/mL, and SOD at 400 ng/mL of EGF. Nevertheless, SOD increased markedly with EGF 50 ng/mL.
Discussion
EGF has been detected in the male reproductive system and seminal plasma. It may contribute in male reproductive physiology by motivating the meiotic phase of spermatogenesis [23] and male fertility [24] . The current study highlighted the imminent impact of EGF in vitro on semen characteristics, lipid peroxidation and extracellular enzymes' activity in the cryopreserved buffalo semen.
In the present data, EGF supplementation in buffalo semen extender significantly altered plasma membrane and DNA integrity, though it did not influence spermatozoa motility, morphology and viability index. Furthermore, spermatozoa heads (head length and width, acrosomal length and width, spermatozoa head area and perimeter) as well as tails (midpiece width and length, principle Data are presented as mean±SE. * P <0.05, ** P<0.01, *** P<0.001, **** P<0.000 1 with the control group. ns F value is not significant P>0.05 Table 3 The effect of epidermal growth factor on buffalo sperm tail biometry. piece length and volume, and total tail length) were clearly differed with EGF levels as compared with control. The increase in midpiece volume may be decoded to greater swimming velocities and thus results in an advantage in spermatozoa competition [25] .
These results suggested that EGF may have a role in spermatozoa morphological attributes. Former studies localized EGF receptors at higher extent in the acrosome region than to the post-acrosome and the flagellum [7] . Although no former studies verified the effect of EGF on frozen semen characteristics, fresh ram semen stored with EGF at 4 ℃ showed an enhanced motility, viability and membrane integrity [26] . EGF increased ram spermatozoa motility at all doses tested, especially when EGF was added to the spermatozoa after 2-day of storage. The increase in midpiece volume may be translated to greater swimming velocities and thus lead to an advantage in spermatozoa competition and consequently improve its fertilizing capacity [25] . EGF decreased the proportion of spermatozoa with damaged plasma membrane and apoptotic spermatozoa when given at 200 or 400 ng/mL [26] . Low concentration (0.1-10 nM) of EGF had no effect on the percent of human spermatozoa motility, but higher concentrations (≥25 nM) significantly affected various spermatozoa motility characteristics, particularly velocity and amplitude of lateral head movement [27] . It is supposed that EGF effects are mediated via Ras or Rho components of ERK pathway, which are localized in the flagellum of bovine [28] and hamster [29] spermatozoa, and are involved in spermatozoa motility regulation. EGF at higher doses lowered the number of spermatozoa with PNA-labeled membrane,
i.e. this growth factor can act as a membrane stabilizer [26] .
Damage occurring to spermatozoa during the freezing-thawing procedures mostly affect spermatozoa's membranes (plasma and mitochondria) and in the worst case, the nucleus [30] . These injuries are most likely due to the formation of extra-and intracellular ice crystals and increasing solution concentration [31] . Cryopreservation of spermatozoa is associated with reactive oxygen species production and lipid peroxidation. This could harm spermatozoa membrane [32] , causing spermatozoa pathology (ATP depletion) and insufficient axonemal protein phosphorylation leading to loss of motility and viability [33] . Based on recent literature, cellular cryodamage in reproductive cells has been extensively characterized in terms of changes in the cell structure, whereas biochemical variations have been fairly explored [32] . with EGF 400 ng/mL, but elevated with EGF 50 ng/mL. The antioxidant system in the cell is comprised of reduced glutathione, glutathione peroxidase (CAT and SOD) [34] . Natural antioxidant system and synthetic phenolic antioxidant butylated hydroxytoluene have been described as a defense functioning mechanism against lipid peroxidation in semen [35] . Supplementation with these antioxidants prior to the freezing procedures may be endorsed to improve spermatozoa the cryopreservation technique in the goat breeding industry [36] .
In conclusion, EGF implemented in the extender of buffalo frozen semen affected the semen features and spermatozoa biometry. The supplementation of EGF at 50 ng/mL was associated with elongation of spermatozoa and an increase of the mid-piece size and/or volume, which is advantageous for better motility velocities and consequently its fertilizing capacity. EGF at the level of 100 ng/mL might have cryoprotective properties through its antioxidant activity as well as maintenance of the stability of the spermatozoa plasma membranes´ lipid contents as indicated by the decrease in enzymes leakage and lipid peroxidation.
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